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SUMMERY

I . Title

Comprehensive Environment-Energy Management System for Energy Saving in

Greenhouse

Il. Purpose and necessity of the project

Hi-technology greenhouses which control complex environment such as temperature,
humidity, carbon dioxide and light are increasing nowadays. However, complex
environmental control needs large energy. Due to the increase of energy costs like soaring
oil price, benefits of horticultural households have been deteriorated. Reducing the energy
costs with complex greenhouse environmental control is necessary.

The greenhouse is a typical building to utilize solar energy, so greenhouse indoor
temperature reaches the optimal temperature for plant growth without heating in the winter
daytime. Indoor temperature often exceeds the optimal growth temperature (around 277T)
in the cold season, then the ventilation is required. If this indoor air thermal energy is
recovered and applied for heating, environmental control and energy saving are achieved at
the same time. Exhaust gas thermal energy from the combustion-type CO, generator and
thermal energy from lighting systems are also recoverable thermal energy in greenhouses.
Because these types of energy are closely related to environmental control, environmental
control and energy management have to be conducted in interactional.

The objective of this project is to achieve both environmental control and energy
management through development of an energy recovery - greenhouse indoor thermal
energy, exhaust gas thermal energy and lighting energy - and use system for greenhouses
and ubiquitous automation system for it. In addition, the objective of this project is
applying developed system to a glass greenhouse and a plastic greenhouse and evaluating
the energy saving effects and the plant growth improvement effects through growing test

plants.



lll. Contents and scope of the project

1. Development of a hybrid heat pump system

Because surplus thermal energy in greenhouses is low temperature energy source, it has
to be converted to high temperature energy source. A heat pump system was developed
for this purpose. The time that surplus thermal energy is generated vary according to the
type of energy source, and the time for using recovered energy is not synchronized.
Therefore, the heat pump system in heat storage type was developed for storing thermal
energy. The high and low temperature heat storage tanks were equipped for cooling and
heating. This heat pump system was developed to utilize hybrid heating sources - electric

heater and ground water thermal energy.

2. Development of CO, generator recovering combustion heat

Carbon dioxide fertilization is usually conducted in the morning, but the greenhouse
indoor temperature at this time is high enough. Therefore exhaust gas thermal energy from
the combustion-type CO, generator has to be recovered and used for heating at night time.
Developed CO, generator equipped heat exchangers to recover exhaust gas thermal energy,
and these heat exchangers were connected to the heat pump system. Also, a CO,
enrichment strategy that is prevent the ventilation during the CO, enrichment duration was

developed and realized to the system. This becomes a CO, enrichment system.

3. Development of ubiquitous environment-energy management and control system
Environmental control, energy consumption and surplus energy generation interact, thus
desired environmental control conditions and the individual environmental control devices
are organically combined, and the interaction control logic is developed. Based on this
system, environmental control and energy management could be achieved at the same time.
The individual environmental control devices include the heat pump system, the CO,
generator, supplemental lighting, ventilation device, thermal and light screen. The remote
control system was developed, so energy monitoring and control are possible through the

Internet and the smartphones.

4. Effect analysis of plant growth improvement using developed system
In order to analyze the effects of environmental control and energy saving, test plants

grew in a glass greenhouse and a plastic greenhouse. In the glass greenhouse, roses in pots



- warm climate plant - were grown, and in the plastic house, cymbidium - cold climate
plant - were grown. Growing experiments in the conventional greenhouse using the boiler
was also conducted. Based on the operation comparison of developed system and the
conventional system, the effects of plant grow improvement and energy saving were

analyzed.

IV. Results of the project

1. System Development

A hybrid heat pump system including the high and low heat storage tanks, LPG
combustion-type CO, generator recovering exhaust gas thermal energy and an ubiquitous
environment-energy control system connected to the Internet and the smartphones were
developed. Heat fluid contained in the heat storage tanks was ground water. Several FCUs
were installed in the greenhouse for supplying and recovering air thermal energy.
Especially some FCUs were installed to upper place of the greenhouse (gable) to efficiently
recover air thermal energy at upper area. High pressure sodium lamps were set for
supplemental lighting. Environment-energy control system was manufactured using 8 bit
MCU. A board in this system controls and communicates individual environmental control
devices and machinery. This board also works to measure and record environment and
energy element. Controlling and monitoring were conducted through the web server and
programs.

Cold water (10 ~ 15C) was contained in the low temperature heat storage tank, and
this water is circulated through FCUs in the greenhouse and used to recover surplus air
thermal energy in the greenhouse. During CO, generator operation, this cold water is
circulated through the heat exchangers in the greenhouse, then exhaust gas thermal energy
is recovered to the heat storage tanks. The heat pump works to move thermal energy from
the low temperature heat storage tank to the high temperature heat storage tank. Warm
water in the high temperature heat storage tank becomes 40 ~ 45C, and is used for
heating. Heating energy is supplied through FCUs in the greenhouse. The
environment-energy control system measures the amount of energy supplied and recovered,
and the consumption amount of electricity and LPG, and shows in real time. Energy

consumption amount and its cost are listed daily and monthly.

2. Performance evaluation of the system



The performance of the heat pump system was evaluated using the coefficient of
performance (COP). In the fall, The COP of the heat pump considering only the
compressor electricity consumption was calculated between 2.89 and 5.03. Its average was
3.51. When the electricity of pumps and etc. was considered, the COP of the heat pump
system was 1.58 ~ 3.19, and its average was 2.33. In the winter, the heat pump showed
3.53 ~ 495 of COP, and its average was 4.24. The COP of the heat pump system was 1.44
~ 355, and its average was 2.90.

The combustion-type CO, generator was successfully operated for 4 hours at 1000 ~ 1500
ppm. The efficiency of exhaust gas thermal energy recovery was identified as 0.549. When
CO; was supplied as this concentration level, 2.3 ~ 3.3 kg of LPG was consumed and the
amount of recovered thermal energy was measured as approximately 200,000 kcal. The CO,
generator was operated in the hot season. The greenhouse could maintain no ventilation
condition, and the greenhouse indoor concentration was controlled as approximately 1300
ppm for 3 hours in the morning.

As a results of recovering surplus air thermal energy in the greenhouse, 50,000 ~
100,000 kcal/day was recovered in October and November when outside temperature was
higher than 0C. However, the amount of thermal energy recovered in January (the coldest
month) was approximately 68,000 kcal.

Temperature of the greenhouse was successfully controlled at 15 ~ 20°C at night time,
and 25 ~ 277C at daytime. CO, concentration was maintained at 1300 ppm from 7 am to
11 am. Because the greenhouse could retain the closed condition, the relative humidity of
the greenhouse inside was maintained in 50 ~ 70%. Supplemental lighting was operated

from 10 pm to 5 am, and thermal and shading screens were automatically controlled.

3. Effects of plant growth and energy saving

In the moderate season (fall), the number of new branches in the environment-energy
management greenhouse was 0.5 ~ 1.9 more than that in the conventional greenhouse. The
number of flowers in the environment-energy management greenhouse was 14 ~ 3.2 more
than that in the conventional greenhouse. In the cold season (winter), the number of
flowers was raised in 63 ~ 226% according to species. In the hot season (summer), the
numbers of new branches and flowers were increased by 31 ~ 60% and 56 ~ 119%,
respectively.

The environment-energy management method gave 62 ~ 67% of energy saving in
November, and 9 ~ 62% in December and January compared with the conventional

method. If the oil price or the oil tax increase more, the economic feasibility of this system

_10_



will be improved higher.

4. Economic feasibility

Operating costs for 4 months in the winter were estimated as 8,500,000 won/0.1h for the
environment-energy management greenhouse, 2,200,000 ~ 5,400,000 won/0.1h for the
geothermal application greenhouse, and 13,300,000 won/0.1h for the conventional
greenhouse. However, when the depreciation costs of the machinery are considered, the
costs for the environment-energy management greenhouse and the geothermal application
greenhouse were estimated as 11,000,000 won/0.1h, and 8,100,000 ~ 13,000,000 won/0.1h. In
the case of the conventional greenhouse, their costs would be 18,300,000 won/0.1h.
Accordingly economic feasibility of developed system and geothermal application system
operations becomes similar, and economic feasibility of developed system was very high

compared with the conventional greenhouse.

V. Research outcomes and plans for utilization

Many international and domestic conference papers and journal papers were published
through this project. Three patents related to the core technology of this project were
applied or registered. Also, an agricultural application was proposed, and one Ph.D. was
produced.

Additional research results will be published to famous international journal as papers,
of which were now being reviewed.

Developed systems will be commercialized through technology transfer to the
project-involving companies or the companies interesting in this technology, and distributed

to agricultural fields.

_11_
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2 £ AL(15T), F2(25C), A2B5C)e2 o] zhzhel HefdA
29 WA TEA AFsET. BEAEL 0 W/m?’, 60 W/m®, 400 W/m’, 800
W/m’s ro] AFsha, 45L& 05 m/s, 3.0 m/s, 6.0 m/s9] 3712 2HOE 1}yo] A

¢ 24 FIRLALE axge Aua o
IN) SR Tamys) | AAG (o) SEAAE] AR el ()
=
60 15 0.5 16.3 15.9 042
60 15 3.0 17.3 171 0.14
60 15 6.0 18.0 17.9 0.05
60 25 0.5 26.1 26.0 0.06
60 25 3.0 26.7 26.6 0.06
60 25 6.0 26.5 26.2 0.29
60 35 0.5 35.3 35.0 0.30
60 35 3.0 35.4 35.4 0.04
60 35 6.0 35.3 35.2 0.10
400 15 0.5 194 14.0 540
400 15 3.0 15.9 14.5 142
400 15 6.0 16.3 15.4 0.83
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400 25 0.5 30.8 27.8 3.04
400 25 3.0 27.0 25.8 118
400 25 6.0 26.4 25.8 0.60
400 35 0.5 38.8 35.7 310
400 35 3.0 33.8 32.8 1.01
400 35 6.0 34.2 33.6 0.59
800 15 0.5 229 14.3 8.58
800 15 3.0 18.7 15.3 341
800 15 6.0 17.8 15.6 2.09
800 25 0.5 32.6 26.1 6.58
800 25 3.0 27.3 25.0 227
800 25 6.0 26.7 25.5 125
800 35 0.5 43.9 37.7 6.22
800 35 3.0 36.6 34.5 210
800 35 6.0 35.8 34.6 117
0 15 0.5 16.1 16.0 012
0 15 3.0 15.9 15.8 0.15
0 15 6.0 16.2 16.1 017
0 25 0.5 26.3 26.4 0.00
0 25 3.0 25.5 252 027
0 25 6.0 26.2 26.0 018
0 35 0.5 35.3 35.2 014
0 35 3.0 35.5 35.3 019
0 35 6.0 35.4 35.2 0.23
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Y wlH
Suctiod lme Rmi=t
accumulator T TR
sl S8 4
Liquid o E~ T
refrigerant = i il
D T receiver ;T : i
! = i
E pl 1+ = i
=g oreyus 11l ' i
a9 33. 23 JEFPZ HAAE
£ 6.2 SEWL Fa BF ALY
& Ab ¥ 4= AzAL /) 2l
DES Eg‘gj‘;;ﬁm“ﬁzv; 4o} gz  Danfoss /
- B
(Compressor) LP : 25 bar, HP : 27.8 bar SMOBISIVE
Z}] Plate heat exchanger Danfoss /
(EV; jrator) 35.0kW at 46 kPa a3 B3-052-54-3.0-H
p Heat exchange area : 2.8 m’ Q
225 Plate heat exchanger Danfoss /
(CO; ;nser) 27.0 kW at 98 kPa 4FF B3-030-50-3.0-H
Heat exchange area : 1.5 m’ Q

A A7)
(Liquid refrigerant

Refrigerant : R12, R134A, R22

Kyungan Eng./

. Max. Pressure : 500 psi KRT-0750
receiver)
SECERE
o= ol Refrigerant : R12, R134A, R22 ol vl o 2] Kyungan Eng./
(Accumulator) Max. Pressure : 500 psi d=7] 7Y KA-0750
A
R 27kW, 46 bar W w3 Danfoss /
(Expansion value) Refrigerant : R22 and R407C ° 067N2156
ZH . = Danfoss /
. - 1) E
(Filter drier) Volume : 0.122 L TEAZEH DML19%
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2 shtbe SEFT A2dd oldstwi WAL FAsY] A% et 4 3=
DS751762 o] g-ato] TAstATH (2 45).

R2
M——e—3 VT
K3

s EPE?E E:é EE"‘D —N"."'R srver- [Device-)

O e coie —,w“‘ isuets Do)
TX_GND
DE7517E

PD3 (PE1}

8 45. RS485 E41 32

T ZREELS PCoe] FAdAME A WA HIlEZS 0x06, FA|gke] FAloA= X052
st AlF-E FASHAT T WA dlo]lEde HolHE HEstH e Axe] dHWg, Al
] ] 3



Aot 2 e st oE & 79 Zoh

% 7.8 TREZ] 4
Wake-up .
signal Slave ID Master 1D Data End signal Data length
1 byte 1 byte 1 byte 47 byte 1 byte 1 byte
@) M A=A A ZREF
g ed BT A2de SPH BAS] A4 Axgor AFEo]
HE FUF A B 4T NEE Fudon FFsokath gk old] Bad Aolasst
2 HolHe Z2EZS Fosjof it} d|A FF Aol Alade AE FAEEZHE A
FEAR B YA S AR 5 FSale] AHYoR FAT & YES o, oJUR] B
Aol Azd= HE FASAA 57§74 e dEdFE HE REL FAHeE 4
B3k #AE Slete] £k ALH Y AT BA Z2ES AY FHE T E 8
139} 2t}

¥ 8. WriteProtocol (7] Fujo] B AHE)
BYTE & =
COMMAND | ENQ,=®,"W”,(14), BCCETX ZAFT G A 2l 227
ACK ACK, =¥ ,"W” BCCEOT 27| A &
NAK NAK, =¥ ,"W'BCCEOT 7] o el
¥ 9. ReadProtocol (7§ Fulo Aefzt &%)
BYTE & =
COMMAND | ENQ,=,"R” BCCETX ZAFT G A 2l 227
ACK ACK, =¥ "R”,(28) BCC,EOT NEAN] or o XA o] 7]
£ 10. oA FF Ao A2 — COEA 7]
H3 & v 2 2] e (Byte) & A
1 COAH T 2 Integer
2 CO8A) % 2 Integer
3 HAA LA 4 Datetime
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E 11. COEA 7] — A T A Al 2=H
il & o 2 ] &3 (Byte) 734
1 HHAE (FE, AA, Ao, a2 F) 1 Short
2 LPGAH& = (A4+3) 2 Real
3 AN () 2 Real
T 12 AR BF A AAY - solnas e
il & o 2 ] &3 (Byte) 734
1 AR 25 2 Integer
2 A4 &5 2 Integer
3 A LA 4 Datetime
E 1. solnels SHERE — uA] B Ao] A2
il & o 2 ] &3 (Byte) 734
1 HHAE (FE, AA, Ao, a2 F) 1 Short
2 S| ERHE H7|AMEE (A4ks) 2 Real
3 HGaEd d7IAME = (4 2 Real
4 71eF A7NAMEE (A Ak 2 Real
o oluA AEF 27 A
Az T Al =& ML A 7|E5te HolHE v & 149 HE stH. Wi
=], SIEFHE, COEA7Y oA BAS 98] %9 §3#, 7t2%e A3, /ME FXA
NN £EHE BAFL ASL & YES AU
AZL A% FASL A7 ARG, 22 ARFe E 15% 21 AT FgE 1
2 469} Zo}h
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iz £33 Alo] FANERH AZFHE JdUXAH dHolEe SJEFZ o zF 43, CO, &
AN ZAE AFe dux BT Aol EA RE AXA AW HAFEHE AL o] o
o] HolHE FHata 3He RoFy] 93 =2 a8 sy e a9 473 2

AHE T4 Z2IOHRL AR FF Ao FHoA EUlews EE HolHE 6H AAA
Al D NdA] Aol FH AA 9k @ CO, A7 ALEH] Q= HolH, @ 3
HZoA HAEF= dolE, @ AgHF, © 2% HolE, ® #%F HolE7t 242 UHA F4l

p e o Py __§ _§ _§ |

Co?28I| p123 4567 1R A EfRIA =53 =y 2cs =cs =c7 =cg
EECEAENS G eS 0 | %0 | 270 | 163 | -400 | 187 | 166 [ 400 | 125
L= 2 LFeAlRE ExEE PLULS 3 FLLS & SPEAR 1 =HEE =4Ss 2400z
s 0000000 Jo Jo Jo Jo | | EX | 455 | 522
EH| Atel HDD‘IE .cgzzaa .’UI’“QE. EHIE| . spesR1 @ sPear2 @ spear3 @ sPeaRd @
SIEEZ 31234567 D=Ha HEm:)  HEsmm;e =g =5 =cp =g =g
g1 999080 [ 436 | 1568 | e | 763 | 400 | 400/ [ 400 | 400
HEHG 28058 WY UERT UUMosE SRR SPEAR 2 SPEAR 2 SPEAR 4
=AY m 1863 [1638 [228 |25
A -

pust @ pusz @ Puss @ rus4 @ sresrt @ spearz @ seear3 @ sPesra @

HMEF81 g123 4567 T0.C02 TO24L  FROMHPL  SPECAHERR SPECAHERR  FROMCOZ  TOR&H  FROMELH
g2:81 9000009 [ | 162 | 168 | 400 | 400 | 162 | 1839 | 35
FULS 1 FULS 2 PULS 3 PULS 4 SPEAR 1 SPEAR 2 SPEAR 3 SPEAR 4
o 0 o o | | | \
Pus1 @ Pus2 @ Pusa @ pPutsda @ spesRt @ srean2 @ sPreaR3 @ sPeard @
: MEF82 91234567 FROM.HPH TOHPH To R Form 2 & == FROM.Z2&.L TOHPL 28
LR O ) I a7E | 67 | 84 | 307 [ 00 | 183 | 187 | 400

LERE PULS 2 PULS 3 PLLS 4 SPEAR 1 SPEAR 2 S4UET  HxTFSY
I o o o | [ [35722887 16881460
FUs1T @ Pusz @ Fusy @ PUL54 . SPEAR1 . spemz . sPEaR 3 @ sPeaRd @

(2) "HolEH o2 AA

Al Z2ade] 53 dlojHe dHolEW o]z AFHA . dHolEwolxE FEZ )
BEE MySQL 508 o]&ste F2HUh AE AL Y84l "HolBS 27 AASY A, A
°o]& f3iA 17H9 HolES AASHAT. 429l HeolE HAe & 16 ~ 18 o Attt w
A B4l Z2ade] 53 diolE FdA 273 AT B HlolElE envdata Ho|E(E
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16)2 AZ=a, oz Aojel #HE HolE = systemdata H|o]E(X 18)8 AgFch w3t
4 228 F7130 7 control HolE(F 17)& Z 3|5l WA Algto] A&

H AARE A FF Aol AR BUHAA iR Aojo] 2ol Av} SEFPE EE
L2 dgEo] A2 Ao dAZLE shellA Zso] AlztE

% 16. envdata Ho|E (37 H ol AHH)

EE 2= 34 4
1 rec_date datetime NOT NULL JIE A2t

2  temp_ini float default NULL AEzd W 25 1

3  temp_in2 float default NULL Ay W 25 2

4 temp_out float default NULL e 2=

5 co2 float default NULL 2824 CO sk

6  humid float default NULL A2y diisk

7 solar float default NULL AR LA

8  w_spd float default NULL AR ==

9  w_dir float default NULL elF & (0 ~ 359°)
10 temp2 float default NULL thxe2a W 25

11 co2.2 float default NULL HE=2ae CO, s&

12 humid2 float default NULL E=24d & s

13 light float default NULL AE 24 B2 A3 |2 (11538, 0:4%)
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Wz 2= 34 47
. : 2H(BHOHCE &=TH), 2: a2t J
1 num int(1) NULL default '0' ;?ILSH (EH M), 2:H01a 2 (0124 H
2 rec_date datetime NOT NULL JIZ AI2F (2D OI0IE, 0I25IX %£2)
. . L, dHeH(gs4) OAMEH; 0:OFF(1121), 1:ON(3A
3 cooling_status int(1) NULL default '0 I1). 2:AUTO ()
. . HdHeH(EE ) 2 T, el AR 2%
4 cooling_temp_st float NULL default '0 O] 2SI} S0 Wt A=)
. A HeH(EE ) 2 XA 24, de AT 2
5 cooling_temp_gap  float NULL default '0 T (0] 2% BIZ TN B We AlD)
dHeH(da) 2 XH2; Wy =2 2%
6 cooling_temp_ed float NULL default '0' (0] 28 €20 Wyt X - U gRH
dHet AEQS)
. . el SET AR 0:0OFF(1101), 1:ON(HD1),
7 heating_status int(1) NULL default '0 2:AUTO ()
. . LHel 2 & XA e AR 2% (0] 2%t
8  heating_temp_st float NULL default '0 SO L AR
el 2 XE 2tA; gt & =]
9  heating_temp_gap  float NULL default '0' 22 (EI‘ZE) OF H& XIS
. CUUax Ug 2ol 59X Ul AR 26 (0] @
10 heating_sub_temp  float NULL default '0 SO Ho BX )| &)
. . B He 2& X&E 2tH; BX 20| A
11 heating_sub_gap float NULL default '0 = MUKe e (HC=)
. o, CO2J1  AEH;  O0:OFF(J21), 1:ON(AHD21),
12 co2_status int(1) NULL default '0 0:AUTO (+
13  co2_conc float NULL default '0' CO20| s& £, SE s&
. CO2J| s& & 2t&; TAl HSAl XL
14 co2_gap float NULL default '0 =c 30| (HE=)
. . . sz ALERS 0:OFF(1121), 1:ON(A21),
15 light_status int(1) NULL default '0 2:AUTO ()
16 light_control int(1) NULL default '0' 22 MO 0:OFF(1121), 1:ON(AHDJI)
. ., OIEHZ ZIZY AN AEl;,  0:0FF(1DI),
17  hp_status int(1) NULL default '0 1:ON(ZI1). 2:AUTO (%)
. SIEEHIZ NH=2®3 M=%, 0l 2% 0lot
18  hp_low_temp float NULL default '0 Z WX GEBT N
. SIEEIZ N3 2 X& 2tAH; Y =2
19 hp_low_gap float NULL default 'O Col2 221018 Al BE (HCE)
. o SIEEIZ =283 2%, 0 2% 04
20  hp_high_temp float NULL default '0 oz =aiH slEHD =X
. . SIEEIZ NRET 2 X& 2tA; Y =2
21 hp_high_gap float NULL default 'O COl2 EWoN O A BE (HCE)
. Bt )| &5 2%, D239 2D =
22 hp_rad_temp int(1) NULL default '0' EEEL o g%; &; ' F ol
. L, EE) AE 2% 2tAH; 0] 2% olae =
23 hp_rad_gap int(1) NULL default '0 SN0 RE =7 (HSX)

1]
0lo

_72_



% 18. systemdata H|o|E (A T Al

Hole A7)

HE 2EH 34 A

1 rec_date datetime default NULL JIS Al

2 el_comp double default '0' ¥ - IEBIZ (kWh)

3 el_lightt double default '0' Y - 22 1 (kWh)

4 el_light2 double default '0' Mgy - B2 2 (kwh)

5  el_heater double default '0' My - MIIBIE (KWh)

6 el_pump double default '0' Mg - BZ, ™ (kWh)

7 el_other double default '0' ez - COII, JIEH (kwh)

8  temp_tankh float default '0' 25 - 02 549X (C)

9  temp_tankl1 float default '0' 25 - M2 5g€x1 ()

10 temp_tanki2 float default '0' 25 - M2 5g8x2 ()

11 flow_LPG int(8) S2 - LPGAZE (10 L/pulse)

12 flow_cond int(8) S - 85| 2= (10 L/pluse)
13 flow_evap int(8) S - LI =22 (10 L/pluse)
14 flow_co?2 int(8) S - CO2J| W2 =82 (10 L/pluse)
15 flow_heat int(8) S - Hg S8 (10 L/pluse)
16 flow_cool int(8) S - dy S8 (10 L/pluse)
17 flow_radl int(8) S - Y$ZI)| 2= (10 L/pluse)
18 temp_cond_i float default '0' 25 - 88J| ¢4 (0)

19  temp_cond_o float default '0' 2 - =) &4+ (0)

20 temp_evap_i float default '0' 2C - s £ (T)

21 temp_evap_o float default '0' 25 - ZLI| &=+ (C)

22  temp_co2_i float default '0' 25 - COl &= ()

23  temp_co2_o float default '0' 2% - COJI &= ()

24 temp_heat_i float default '0' 25 - Y £ (T)

25  temp_heat_o float default '0' 2C - g &+ ()

26  temp_cool_i float default '0' 2C - YWy £ (T)

27  temp_cool_o float default '0' 2C - Yye giE4+ ()

28  temp_radl_i float default '0' 25 - 88 £ (C)

29 temp_radl_o float default '0' 25 - 8g s+ (C)

30 temp_ght float default '0' 2C - 24 52 ()

31 temp_gh2 float default '0' 25 - 24 Ht< ()

32  temp_co2_1 float default '0' 25 - COIl H4aal ()

33 temp_co2_2 float default '0' 25 - CODl 11X €ud & (1)
34  temp_co2_3 float default '0' 25 - COl 24 32 ()

35 co2_gh float default '0' CO, s - 24 =< (ppm)

36  stat_out_energy int(8) AE - 0UX S& MO

37  stat_out_co? int(8) AE - COD|

38 stat_out_hp int(8) AMEH - SIEBZ
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zZ2 1 = & v 1
712 2 http:/ /ebio.green-net.or.kr
AIA 5 Bl o |
Tz http:/ /ebio.green-net.or.kr:4610/

oY =2 3% http://ebio.green-net.or.kr:4610/ wap/index.jsp T
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r i
o
SA,
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2
oS

T 4 A
CPU: Intel Core2 6600 @ 2.4GHz
A HFE A= RAM : 1.0 GB
Upload/Download speed : 3.35 Mbps / 561 kbps
G A A (OS) Windows XP
ZagW Ao JAVA 16
Database MySQL 5.0
A H Tomcat 6.0
TN ZREZ ML
[extensible makeup language]
AJAX

[Asynchronous  JavaScript and XML]

=?7xml version="1.0" encoding="UTF-8" ?>
- <greenhouse:=
- <pperating=
zdate>2010-08-08 11:19:21=/date>
+ =<electricity =
- ztank=
<temp_tankh unit=""C"=47.8</temp_tankh=
<temp_tankll unit=""C">24.9 </temp_tankll=
<temp_tankl2 unit=""C">28.4</temp_tankl2>
</tank=
+ «<flow =
+ <temperature=
</operating=
+ <Energy =
- <environment=
<date_env=2010-08-08 11:21:00=/date_env =
<temp_inl unit=""C">32.0</temp_inl=
<temp_in2 unit=""C"=30.8</temp_in2 =
<temp_out unit=""C">33.9 </temp_out>

a9 48, B4 ZREZE 0|83 XML 74

(2) &4 71E 4y Ao =237
24 7|8 du] Aol zrOWL JE #AY 24 EA Alse 249 7B Ao 249

o M, B 238 FF, 3T F 58 FHSh o9 L Ade duA F
Aol Alz"aes Heg 53 Qs =Heul 2 ol 5

I
ey
o
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TR - e | EETEE

2011-10-25 17:57:17
21,3 m— '
7.9 mm
537 mm—
36—

ol
=h
0.0
19,3 m—
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[ HURISE | [ WGHAASE | [ ANERZE | #EEE || 233 JI§_| =
co2 3|
RIS Wi, /‘_\— Control - 26 1'C / 478.0 ppm YAl 201102-18 144907 |v]
1 O -
10.7'C ror T USN #E
COz: 440.6 ppm ERIE
249'C||[520% | [253'C =l
& EE = : 0.00 kWm(0.00)
L e FCUs  :0.02kWm 2M4 HE
— 223'C 22 0,00 KWm
1320 keal v 0.0kcala F2&EIE - 0.00 k¥Wm | A AEEA |
15.9'C 4 482'C 4 Co%l - 0.00kWm =
192'CV¥ OE—— 351'C¥ A USH 3]
40 L/min e 0 L/min T=Eg
] =33 ZaiE =
194'C T 482'C =il
Sl 175°C =il bl 48.4°'C 2 HI0IE
o e = .
30.0'C 77333kcal 89167kcal Wap2Web
260'C || 0.0keal® || — | 0.0 keal > 0.0keal || po || 0.0 keal >
169°C e 99% e
<« 159'C 2 194'C> < 469'C o 482'C—>
114'c | 188'C—> ‘(1;6,{:) < 17.7'C || 0.0keala || 47.6'C—> «317'C
0L/ 0.0 keal 0 L/min 144°C 0 Limin 0 L/min
Alats
MEMED HIO|2 Al B ZEtE D ME2HA N ~E 25 B4 (02-880-4615)
ZJE=g0 == HilAHAF L 02 =HE (031-229-5806)
a9 51 A T #eE =29 (A @)

M= Abg
oz FAY %
HEe B Aw
s 7] =
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i® i Se 24 erg-oiun Shohal Iecpiration
%H‘é eﬁ£;§ 2| NNEY 24 0yn| g2 A =M %%’;Tiiﬁﬂﬂ —
[Wonsg | [ oouaEs | [ AoEAEE | [ 22dg | [@a00= | [220% |

HHA AHEE =4

I~
T

EEES
(20110218 |@l ~ [ 20110218 |G [EB]| (122 ZSAl AIZHE 24 8 -
CSVCIZZ2= [HAZNEZ =364 BEWh(SAE ), B I S22 =263 FEWh(SAE S).LPGE = = 1900 kg ]
= o=
A ST EEIT) IE & il
HEZE W) g =S H| 1pG | ZI
BIE [ oy | F131 [BE/ T | o 8% 31 [ om | XIBT [ EZ : = 24 A8
No.| R | DS |wz | AEBE et | col | Sk |San [l (A0 2 | 2z | MBS | 2let| el | con |BHIZ
ried S T S| B e e e e = ki
1 2011021300 084 564 000 023 002 000 0 781 13 0 306 1483 00 84 07 1880 00 180 [AEEE |
2 2011021801 088 572 000 030 001 000 427 6716 0 0 320 1504 00 109 04 1938 00 1938 =
USN =3
3 2011021802 094 570 000 026 002 000 0 613 0 342 1499 00 95 07 1943 00 1943 =
4 2011021803 102 565 000 031 001 000 24 6266 0 371 1486 00 113 04 1974 00 1974
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R - =] : B 22 §
650 Wiar | &1 Al 2011-02-18 14:53:07
103°C| e A [USHEE |
- i - = Time | Start(Gap) / Sub(Gap) |
Time | Start(Gap) /End || [v] [v] 00:00-0825 | 15(4YC/ 10(1)C HIZ 315
00:00-08:59 | 20(1YC / 40C oic| el el 0826-0835 |  13(1yC/ 10(1)C
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Al 5 A AEE de B

S EFx AHeS vehle WY F shve A5 A (Coefficient of performance, COP)E 9|
gals Aol slER e A5A4E 234 T8 e 71X gelz FHEHD Y DEZ
AAE FEFEH £ad UAS §Fol04Y AT HE QIEP=E AFHEY Lo
g dFH 12 AFad ded” ¥ vle ol tEHolth(Black and Hartley, 1996). 2 ®
A Aot delst ZRelAel o|2HQ ST W F WA Aot FH 4§HI Fxg
o g Utk B3 SEPEE Wt o R FAld &8 Ae, 3 AsAss W
ASATE w2 A3 Hed I 4L 4 63 4 (72 THEHT(ASHRAE, 2005).

. . Useful cooling ef fect

Cooling COP (By) = Net energy supplied from external sources )
. . Useful heating ef fect

Heating COP(fy;) = Net energy supplied from external sources 7)

B ATAE Wie SERZY 45 ERZO 9372 Rt newa 2o §
FI 2= WHIE ot e F L, WS SEFHEY 4T JEPZY FEINE F
e Aewa 2o 437 o6& WS o $A¥ & Yok Wad L% L HIRS
2=AA B F FFAE ol&ste] ST weEtA AET I AeAlFs W AeAlss
th&-9] Eq. 37 Eq. 42 AT

w wt ire’ua.)*o'u, - T(ﬁ’l/'(].177:”
COP for cooling= — PutCur A Tsup— ou p=in) 8)
E(J()HI,[)
PwtCut Q( T‘e’ua‘p —out Te’uap - in)

COP for heating= —

comp

pwi : Z9 A% (kg/m’)
cwe : B9 B QD (kcal/kg)
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(kWh)

719] A7

. B §%F (m’/sec)
1

Tcond-out :
Ecomp .

th

e e S g ®ow T W
__O_:_H_l_,,“_u_wqmWA Qn_axlvr«__o
vk _ =< &
Jl_r‘ul = (E.._
T w BOH e
13 305
& _roN e 1] O
W OR o il - R
o s = = @ B oy T
2 LT : L T4 T
= ool = E noT ks
& T L - = 2T W E
AT = |E I %ﬁﬂwﬂ
wmﬂ%ﬂ = |2 WL ﬂwﬂm
S = | I
S Tl IR
) B g =
c:a : W of
s o = e 0 W oo o
Tow 3 S w & o =
SR A N B SR
Otﬂﬂoﬂl | f Ot ,mﬂo_L‘/IJ\Wo
T oM I I g oo T
.mwwﬁl_.&@l S 2 o =2 g
L £ s W o X T E
= S - S g Gl 7o o ik
2 R 5 5 o w o=
Mﬂ:._ﬁ T a b .. _,_um_v_ﬂ_Lt e
G S S E o AE X
T_Mow_ﬂmﬂ_ﬁ < O = %ﬂ%%
o|J CUNN~-| 3 S Wn%o
i R = = =Y Ty
mﬂﬂ_ﬂﬂﬁe T ox B«
F < N =K%
~ O_,/_,MM _.,_Iﬂ‘lﬁ_w
Sl i _ .
X WA= o TR g B
Y oH oW 2 °
__dL_omﬂ% w2

(12)

(Ecom,p + Ep'u mp— evap + Ep'u mp (:(md)tfnl

111

t ol
/ p'{ufc'u:f Q[ T‘e’uap out (t) - T‘e’ua‘p* in (t) ] dt
0

Actual Mean COP for cooling



t

Pququ[ cond— ouf(t)_T‘cond*in(t)]dt

. 0
Actual Mean COP for heating = (13)
(Ecomp + Epu mp— evap + Ep'um,p* (:(md)tfnl
e = o] o
Epump—evap . %HELJEIL RLI Jé A a AR E()]:
. 0= 25l 5T
Epump—cond . '5'%‘1:!1' LR ) Jé == ;1(__ a AR E()]:

3 4%< Eq. 7, Eq. 8
2] oF 574 o]t
Ao = JidE S|EPZY] HTd 7|E9 JEPZ e Hlwste 483 Thsde

Lt i

(1) 201018 10€ A5 H7}

20101 d 1099 SEHE HeHrt 2= FzeaATS 1HF JEFE A5 ¥ COP
o] A FzHM sEHNE THT o) 264 - 489 o]l HT 2647 FALUTE vhE EFPZ ]
FH7AA EFEA HW 175 - 263 W2 FolEX o] we] FF2 175U 7tE COPe
A% FEHAAL LT A$ 289 - 503, BT 351019, BHZAXN uHF A4 158 -
319, F 23322 gk 2010 10¥€ 1199 AL dolH FHo] AAHe 7 435X
@obx AeB7t 23E U F AT AR 2 vhg 3" 93] 2Pz E RSt
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Zt-comp 20104 104

1 23456 7 8 9101112131415101718192021 22232425 2632728293031
=%

(a) Wz A5 (Mean COP for cooling)

B oLE romp 20104 10

It B-sys

COP
L2

1 23 456 7 8 9101112131415161718192021 222324252627 28293031
L
=

(b) 714 A5 (Mean COP for heating)

a9 93 faE SEFZY 7t A% (2010 109)
(7t@-comp : F=HAH T8 iy dF, 7I<E-sys : JA T tiv] AHF)

(2) 20101 11¥ A5 H7}

2010\ 11¥9] JEFZ AsHrl 2de T=gMAwe 133 JJEP=Z HF2 Yz COP
o] B¢ F=HAM FEHTE 1T of 341 - 554 o] H@ 4542 FAHT ¥ EF =
YA g H™ 219 2829t 7tE COPeJ
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429, B4 2827 QY AlE A the a8 949 zEl=zz JER QT 1084 u] s}k
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(b) 714 A% (Mean COP for heating)

a9 94, fEE SEFZ 7t AS (20109 119)
(7t@-comp : F=HAH T8 iy dF, 7I<E-sys : JA T tiv] AHF)
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(b) 714 A5 (Mean COP for heating)

a9 95 fLE SEFZY /1 A% (2010 129)
(7t@-comp : F=HAH T8 iy dF, 7I<E-sys : JA T tiv] AHF)

2010\d 1299 JEHE 45Hrt AT (2™ B Tzt 1H3 JEFEE F5& Y
Zt COP9 7% E=dAM FEze 13T o 244 - 691 ol HF 4598 FAFHU ¥
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(b) 7F4 A% (Mean COP for heating)
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28. 71E AFH &FE ds (A FBIITRM)

e KW-300 KJW-400  KJW-500 KJW-600  KJW-800  KJW-1000  KJW-1200

%(‘ﬂlfv‘%)%k 135 174 206 271 352 444 533

%&;—V_é_)%k 97 126 150 197 256 325 392

i&l@iﬁ 38 48 56 74 % 119 141

i 3.6 3.6 3.7 3.7 3.7 3.7 38

L%:%%F 26 26 27 27 27 27 28
E 2. 71E AFY £9d 4T (A 224 X)

m WHP-180 WHP-210  WHP-240  WHP-360  WHP-420
WS (keal/h) 40,859 47,308 64,781 81,718 94,656
W aE e (kW) 13.9 17.4 226 27.9 34.9

W% (COP) 3.4 32 33 3.4 32
WEre 2 (keal/h) 33,212 39,191 55,173 66,423 78,382
WarzudE (kW) 9 1.2 14.9 18 225

W34 (COP) 43 41 43 43 41

® 30. 71 AFY €32 AT (FA: vRA)

ww EB-075G EB-100G EB-140G EB-310G
WS (keal/h) 21,700 32,000 43,100 91,200
Ve an] A E (kW) 6.7 10.2 15 29

W% (COP) 3.8 36 33 37
WEre 2 (keal/h) 19,700 29,000 38,700 81,900
WAy (kw) 5.7 8.6 13.6 24.6

WHkA s (COP) 4.0 3.9 3.3 3.9
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Brke % &%, §% 54 AT 2¥ 10404 Fdd B 5 JL, rd AEAF o 3
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a3 104 CO, AT GBS A5 BtE A%
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25

~

q= p'u:fc'urf Q’lut( Tlut —out Tlut - 7In> (14)

q: 35FEHF (kcal)

pwi : B WE (kg/m’)

cwt : B9 H]E (kcal/kg)

Que : W2 % (m*/sec)
Tweow : 7] HlEFFT 25

Twtin %E—%7] -Ic')r?:]l'{l: ‘%E

q _ p'u:fc'u:f Q’u:f ( Tmf —out Tlut - 7In> (15)
mrpcHVipe
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HVLPG : LPGQ HEL%%]: (kcal/kg)
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22 3.9 142 16.8 14431 14573 | 104.2 3330 2.82 5358 8688 404
23 34 124 144 12370 12493 | 1109 3584 2.79 5301 8885 289
24 8.0 291 374 32161 32452 | 1855 6314 3.10 5890 12204 624
28 47 171 20,6 17730 17901 | 159.8 5300 2.35 4465 9765 454
29 6.2 226 288 24739 24965 | 1477 4954 3.00 5700 10654 57.3
30 43 157 144 12370 12526 | 1434 4622 2.84 5396 10018 20.0
31 7.9 288 283 24327 24614 | 170.7 5769 273 5187 10956 55.5

¥ 37.2011d 1€¥€¢e] &4 v]E v
By 24 B3 B4 Be e
7] A% | us | w7 G | g

o wam 0 am w0 e T s wm |

e P B ® e B g B

11 6.4 233 23.0 19791 20024 | 1513 5084 3.14 5966 11050 4.8
12 74 269 29.8 25564 25833 | 1513 4950 2.28 4332 9282 64.1
13 7.7 280 365 31336 31617 | 160.5 5405 3.18 6042 11447 63.8
14 5.9 215 288 24739 24954 | 1371 4547 3.02 5738 10285 58.8
17 259 943 1090 93597 94539 | 536.6 18322 942 17898 36220 61.7
18 75 273 27.8 23915 24188 | 146.7 5230 3.04 5776 11006 54.5
19 6.5 237 254 21853 22090 | 168.5 5630 3.04 5776 11406 484
20 6.9 251 274 23502 23753 | 156.0 5232 294 5586 10818 54.5
21 7.0 255 456 39170 39425 | 164.0 5526 3.06 5814 11340 71.2
(* 179& 15, 16, 174 AF&Fo] F2td 2 ¢)
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) =z A8  AdIEHEZ AL Ad3EFHZ H& 7y 24
7 24 24 (719) A& 24 (01H) (AR L)
NERES 015 {9 75 94 10.0 1< 50 o9 003 ¢
Al A 100 m® 5,000 m” 10,000 m® 3,300 m’ 100 m?
A 7| AE- 11,048 kWh 147,051 kWh 439,560 kWh 105,204 kWh 723.8 kWh

By A 7]: 10,087 kWh A 47,250 L 745 20,800 L 74 2,000 L 745 2,669 L
LPGAFZ 2 375 kg - - - ;
FTHEEH 18,176 Mcal 719,582 Mcal 1,283,825 Mcal 320,177 Mcal 19,217 Mcal
_%Hg . B3, CO; - - B33 -
1.7 4 o}
g g B e4e IPGE CO, FFE A3 A
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oh W 2AS 245 @44 ¥lm (HF 01h, 2= 2F D 100,000 Mcal, A2 4719)
B3 $7-d X Ad I EFPE H& A I EPE H& ZE S| EPZ L Ty 24
Iy 24 LA (7}9) LA (&) L2 (o] H) (AH-H L)
Al AdH] & 0.6 o4 15 o4 1.0 o4 15 o4 01 d4¥
Tﬂz\]ﬂﬂ]% 0 < B3 .03 oY B3 .03 oY B3 03 o9 0 <
(B33, COy) = CO, : 012 99 CO, : 012 99 CO, : 012 99 =
|Adv] A 0.6 94 192 o4 142 o< 192 o< 01 o4
A 7 A& 60,783 kWh 20,442 kWh 34,238 kWh 32,858 kWh 3,766 kWh
/ Hl& / 2,210,000 ¢ / 744,000 9 / 1,246,000 4 / 900,000 ¢ / 140,000 4
{8 =3 )
e AL 7] Akl gk 38,400 kWh 38,400 kWh 38,400 kWh 0 kWh
Hojgle / 1,010,000 ¢ / 1,010,000 ¢ / 1,010,000 & /04
A& 6,629 L 3,866 L 0L 624 1. 13,889 L
/ Hl& / 6,300,000 / 3,673,000 4 /04 / 593,000 ¢ / 13,190,000 ¢

8,510,000 ¥

5,427,000 ¥

2,256,000 9

2,503,000 ¥

13,330,000 ¥

(A A7V 9

11,010,000 €&

13,427,000 9

8,173,000 4

10,503,000 ¥

18,330,000 ¥

BF An A 60%E A4k ot AR
]

f (9509/L) A&

Aol &

=
LR

oft

A 74 (2009) &
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Alo]g AM7E AEdle]l A2 dHAAM AFFA o8& + Ut

@ Auu3 - X2 - Windows Internet Explorer @& ~uu - oA 2] - Windows Internet Explorer o e
&L = [l rto/cheong green-netor ko (€18 s green-netorks ~[ia] 4 | x |48 Goagee
T EARI | @ yous - qux e - v @ v HOA® v 9@~ =@ @ 7 * @ yaus - oux e - 2 &y HX@ v ¥ SO
@ CALS S BAXHOIN o ny o147y R W B %Tlm | ALS S SN o ny o) 4y TrE) O 0 — 1
- 2| NA == 2 Fa i | 2715507189 - ™2 NO == = . e | 2715507189
MEde2 ssunde 2 nog ! SUied MEde2 ssunde w2 noy ! SUied
[WuxsE | [WouAsE | [ MoEmEE | [EEo= | [230% [WuxsE | [WouAsE | [ MoEmEE | [EEo= | [230%
U AlBE B4
2 Al -2012-03-12 16:12:59 ORI At g -
o0c i [ 20120312 |G ~ [ 2012-0312 [ )
CsvCiZz= =263 BAWh(SAIZ 2), LPGR 2 =1900 Rz ]
e €02:455.0 ppm. ES HIZ &)
i 382%] [219°C e Prrer— %G = 1 B
Q00 kWh HEZ (Wh) @ e al 126 | ¥
0.00kWh - o e = SE [0 [ me | B | 002 [ ziapa | OIS |25/] oy & [
Soinh No| =R |RT 22 | Jlet | cool |l (g | 3B | BB |28 | Aste| BF |5 | =22 0| @il | cox |BHI
0.00kWh 1 2012031200 1437 077 1976 000 000 0 20300 23000 5325 0 2420 231 280 5197 00 10708 00 10708
2 20205200 1451 057 1976 000 000 0 10450 2850 4550 0 28612 282 207 5197 00 10686 00 10686
Wl 5 201051200 145 076 1976 000 000 0 220 2075 450 0 3R B0 277 597 00 10774 00 10774
S Y | 4 2012051205 1461 077 1976 000 000 0 21050 25275 1000 0 31284 5318 280 5197 00 10795 00 10795
gem= zn | 5 oo wo os ww w0 oo 0 w0 moo @5 0 sms sis s se7 0o wiss 0o s
;‘g;j ;QJ 6 2012031205 1462 077 1976 000 000 0 23750 2450 -1500 0 3113 5322 280 5197 00 1099 00 10799
=@z Cor wMI AR 7 201051206 1439 076 1976 000 000 0 2350 2050 2175 0 300 L1 277 5197 00 10785 00 10785
(COP:0.0) S 2012031207 1467 041 033 000 000 0 3130 25125 1450 0 20040 5340 149 87 00 5576 00 5576
<Okl 9 200051208 1465 096 000 000 013 0 27250 22300 385 10804 2849 533 349 00 00 682 2481 8163

2012051209 2781 078 000 000 090 27710 0 205 4300 10080 248 1023 284 00 00 10407 17054 27461
Bl 15899 722 13366 000 103 27710 163110 239050 1200 115884 291092 57872 2628 36467 00 96967 19535 116502

HoI= SN RBS 22| 13635 AL, (I SAEH
031-351-8868, O|M| 2! - chaong38@naver.com

2 V/ AEE 2 At NOIE | B35 90 HA % v R100% 2 V AEE 2 A NOIE | B3 90 §A % v R100%

(@) AT o A-27 EUE (b) oA ALE-% 5 H-§ =3

R e ———— R ————
00-Ic s G € o oo g
% 2w |@wave oumza % Bl |@wave oumza
B 29 24 2AF-oun ! e =Y 2y 2FY-oun| !
[ BCALS oo 20 0l B | ®CALS SRR 2 ol ma o
R y— e t——
EELES WERANSE | [ A0EAES | [ EFo% | [=230% EELES WERANSE | [ A0SR Es | [ EFo% | [=230%
[v] ge@ss) ez [v] crer e [v] co. wao ¢m 2 O|E =8
ARE A Ase A A AEeE ARE A Aser [20120312 |51 00| a1 3et ~ [ 2012032 [ DR 2AE: 012 O 1A% 012 i
® 2sc /1 W0-1700 | 17C/2C 0700-114
225 BATCHIG s | sy 100 R 1000 CsvorEEE ¢ £i= BHOIED} SAI22 OIS OIRIR RALICH
v | 176/2¢ T .
B v | B | B [ I
ol s | a= | 2 | == | ==
© | © |[wm| © | ©
2012-03-12 00 0.0 0.0 00 179 17.0
P ; 2012-03-12 01 0.0 00 0.0 180 173
[v]sism= az [v] 2zed@sts) 42 2012-03-12 02 00 00 0.0 179 171
D295 /HEEs | FUNE s=zz aszus
HE ®E2H | AmEEEER N mASem | aim AaseE S o0 L) 00 1L i 170!
$5Q)C/ 10)C 30/2€/9C 00:00-05:59 13¢/1C ssc/1c | 2012:03:12.04, 00 00 ) e 12
45Q)C/ 15(1)C 30C/2C/9C 06:00~15:59 9Cc/1C 55C/1C 2012-03-12 05 0.0 0.0 0.0 179 17.0 81 56.1
15QYC/100YC 30C/2¢/19¢ 1600235 | 13C/1C ssc/1c I T oo 5o o o o oo
| 2012:03-1207 00 00 00 187 182 00 00
| 2012:03-1208 00 00 00 177 166 00 00
2012:03-1209 00 00 00 255 188 00 00
2012031215 00 00 00 250 280 00 00
2012-03-12 16 0.0 0.0 0.0 219 238 0.0 0.0
282l 1363-5 SR HR, (N E - HAOH
1-8868, 0|0l & : chaong38@naver.com
k=¥ AN RHS 282 1363-5 4L R, (HE - 20
031-351-8868, 0|0l & : chaong38@naver.com
2= / =% % 9 o= | 23 25 R G ®0% - 2z 7 45 + 9t NOI= |52 5 %A %~ muon -

() Aol Azt &<l 2 M7 (d) &3 715 =3

O3 124, oA T Al =2 3tH
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22 @ ™ @ 9H @ oY @ AuEl @

AT 012345587 g&igs Zwse  bwes  ®Es el oulz  ceE?se  Ases

L= @EO00000 ] 80| 14| 23| 400 400 | 400 | 485 | 159
SEVIRE ZEDISY UMGSEr UMKASSE  oPaRi GPEAR2  GPEARS SPEARY
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Pust @ Pusz @ rPuss @ puse @ seesnn @ sreanz @ seeans @ sees @
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R
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AA T Aol dnFL AW FHFE W EdA FA FEshe HE 2HE=

(daemon thread) T2 I o2 & P I Al F<2l gdHe v 2 1277 2o

o+ A "o

=2 JEH data dump e
B 2012-B3-12 16:51:28 >> Moved environment data : 8

Solar data dump ==
2012-A3-12 16:51:38 >> Moved zolar data = 1

(B> hp<2> hp_add<{2? guw_low(2> gu_high{B>
. data @ 1

e I5H data dump o=
it 2012-A3-12 16:52:43 >> Moved environment data : @

wux  Bolar data dump wws
H 2812-83-12 16:53:81 >> Hoved solar data = 1

wx* Energy equipment auto control s
Status{B-0FF,. 1-0N. 2-AUTO> :
c (@8> hp<2> hp_addd{2) guw_lowd2> gu_highd{B>
1 »> Env. data = 1

Aol HHL HolHH oA B3ty FHHTA 5 2 ). EF HILE ANux FF Ao
Al2=gle] B9 theo] F 419 22 Alo] WEHUA FA LS 78 stk Al FELS Y
HH(E3), G, B 99, ARd, Aexdx A3 3FEE g49), L2Edx A
TFM7), CO, A7 2 LPGE 714, S|EfZ R Foldt

SEPEO g WHL oW} FYUsHA sARE dHA] Alel= ON/OFF 4l&agt 3 EH
Z Zo2 HUYFE Aoz FIdHEH. o8 duyA] 5 AR} JEHE A2"HS =7
AostA oz e EAZE HAT H thE FEFS FAHQ ¢3S FAE 5 A

SIEFZ A2 A7 Aol W( hp_add * )7} d=dH o] WHEFeE AL AL X9
Zad% 4L A FUIR o] &5t WFolth dE o ALFHY 1 ZFEX JEPZ
Aol &% 45T, A &% 2C, A& =d=x FEFZE Ao 2% 15C, A &% 2

o]

1, hp_add_high_st=30°C, hp_add_high_gp=2C, hp_add_low_min=10C = A&
S FYslEA T 2EF 2571 30C7HA] "olx W s EYPZE ypEt) a8n 1L =
Z 2% 32C7HA 458t thAl AAE sHA "ok o] wf A3 2571 15CoHA HA
dolxA = =d 10C714] EojxH JEFH=Z 52 4 FXErh hp_add_statusgiell 0]

- 155 -



cool_status 0,1, 2 0:4A, 1:2-%, 2:4-&
cool_temp_st 24 L=k AR 2% oo Wukg i, 9 A%
cool_temp_gp 24 25k g 2% o]slo A Wi A (H=F)
heat_status 0,1, 2 0:4A, 1:2-%, 2:4-&
heat_temp_st 22 =gk A 2% olglollA] Whi-g B, A AE
heat_temp_gp 24 25k g 2% ol oA Wil A (H=F)
hsub_status 0,1, 2 0:4A, 1:2-%, 2:4-&
hsub_temp_st LLeE = A L oA RnEAY A%
hsub_temp_gp AR RE AF 2% oA REIY A (HEFE)
ufan_status 0,1, 2 04 A, 1: 7, 224 (AsA] Wik 5A 2-s)
Itank_status 0,1, 2 0:4A, 1:2-%, 2:4-&
Itank_temp_st AR 2 AR & ot A Astes AW A S
Itank_temp_gp AL 2% g 2% ool A AstEH A (H=F)
htank_status 0,1, 2 0:4A, 1:2-%, 2:4-&
htank_temp_st AR 2 AR 2% olFolA AdteE A2w e T
htank_temp_gp Aeda ex Y &% ol AeeFFd A (HEE)
co2_status 0,12 0:4 A, 1: 4%, 245 (CO27] 2H&)
co2_conc_st R R AR w5 ol A CO, T
co2_conc_gp R R 3 Fx oldelA CO, 7 AA (HER)
Ipg_status 0,1, 2 04 A, 1.7, 2248 (LPGS 714 2H%)
Ipg_temp_st LPGE 2% A4 2% ol A LPGE 714
Ipg_temp_gp LPGE 2% A4 2k ool A LPGE 7HEAA8A (Fl=E)
Ipg_lowest LPGE &% AR 2% oldlol A COyE+d A TA
hp_status 0,1, 2 0:4A, 1:2-%, 2:4-&
hp_high_st AL R A ex olstolA S|ERE ThE
hp_high_gap AR A 2% AL oA JEHE JHeAZA (H=F)
N hp_low_st e A AL o|AtlA] JEHE JhE
o hplow_gap Aeq e AFEw olaeld A=A AT A=)
T hp_add_status 0,2 0:4 A, 2.2
hp_add_high_st M LE AALT o]l A JEHEL PA AHE
hp_add_high_gap ALY on AR LT opitollA JEFE FAIAE FA(HEE)
hp_add_low_min e A AL o]l A SEHE HF A FXA
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nl. LPG ¢44] CO, 2l 7]

dAY W7k LPG g4 CO; HA7|E d4 £3F2 500,000 kcal Fo2 FA F7FAIH L,
olo] A3 dwFA 2wyt FE B wlE FRE AAEAT. 2" 132014 Be A
4 CO, 7= =ZH g 7|Foz uigd 1967 x 700 mm, ¥°] 1400 mm=z 4

O e vtER ke g Wiyt Wbt

CO; EA 719 Aol 7 /IE DA TUsH Ao 2EE 7§22 ¢d dh o7
£ ddsta WF EFHE ol&ste H7|IVtEE R EFSIHA 24Z FESHA =
ok 3k CO, HA7S Alo] AAHFPES A& AHE Tl 92402 dE€E F JEF TN
LET dad 25, LPG A 52 duA & B8 Z2a38s F5t9 AA7F 2UH
y 2 750 HES stk

AZE CO, HA7e Fee v 28 1339 Zx, o A9 ojislgs FF HE
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E obF ooz Azt @ Wrrgoz dd SEHIL Aedx g HellA of
Aol & ol l7] el Al=s g0l &7 2 AdEste] COP AH&E& FH3
COP:E 195 ~ 5722 FyL WFo
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Al 9 A Al=F FEol mE Ay s A 2 R AAA
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LPG &4 olitsteta 37, 3719 &8 A&d, 24 873 Ao A=, B A=de
FYstd AAHA 2 AE T 7 A= AHAES 5Y @73-ouA] B Al=de ol8s
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of #Y Au) Bz oiv] sl H 2 259 Al T2 H]
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A~
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Aoz 593, B FA-UA Ao #HAL LPG dA44 olitsigts 33, 3719 &8, 9
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E 4. 7123 49 £4% B £dd 4 A 54wz
_ m A= e
e j_jg SRS (8/ %) (8/ %)
R T e e e
73] Al T 8.1a 6.6a 24.5 20.7 3.8 6.5 5.5 1.0
st 2T 6.9b 5.2a 14.8 12.0 2.8 4.5 3.6 0.9
Al T 9.2a 6.6a 22.5 20.6 1.9 5.8 5.1 0.7
%2 3
2T 7.3b 42b 17.1 14.6 2.5 49 41 0.8
Al T 6.9a 6.1a 26.2 225 3.7 71 5.8 1.3
872
2T 6.3a 2.9b 16.3 12.6 3.7 49 37 1.2
Al T 7.8a 6.7a 24.9 21.9 3.0 6.6 5.7 0.9
RER
2T 7.3a 34b 14.1 11.5 2.6 41 34 0.7
Al T 7.8a 10.6a 46,9 392 7.7 11.7 94 2.3
PR
2T 5.2b 5.6b 36.9 31.0 5.9 9.5 74 2.1
Al :‘ﬁ T 6.7a 10.4a 52.5 442 8.3 14.1 11.2 2.9
7] 2~
2T 3.7b 3.7b 37.2 30.1 7.1 10.1 74 2.7

DMRT at 5% level
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= H3th 201149 192 o 713 3s th2A 95 7122 ofttel= -10T ©]3tE "WoH 1,
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-O--FFsL —S—kidl sl 2 Addl

Ay A S 243

A7l A= A5 die ® 460 AYsiinh Ao r 47 wA FRov B9 &7
AAE FAZ B97h Aol Hls) Azt EadM BF S BYo tixzT iy E5
e B2 AS 2263%, Tl 1500%, £HE 63.2%, B = WEAHZ 220.0% Ao A
Az 3 A2FE A= ° =/ S35 B &4 Aofol e 4% Hd 237t £7%35)
Al A A

2010 129 12<dell Al AsE A 49 2yes O3 13404 Ee A 2ol #55
T Aovte s A5 Fael Aol 4A #UE F vk A3 249 Fert ¥R 24
Hlal Eoh Az E Aol FL ZiE HAFA vk
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<43 Bl 249 A= A 54 vu

_ — FEE P
e T_E aze ST (8/ %) (8/ %)
R T T e
AT 71 6.2 39.30 31.54 776 11.03 8.99 2.04
7] 2
o) ZTF 3.7 1.9 22.66 1714 552 6.57 4.82 1.75
AT 6.6 55 28.78 24 .93 3.85 6.95 5.95 1.00
=0
o) ZTF 39 2.2 20.64 17.22 342 572 476 0.96
AT 3.7 3.1 34.01 27.89 6.12 916 758 158
<y =2
=T 2.3 1.9 18.00 14.37 3.63 470 3.74 0.96
= AT 472 3.2 34 .82 30.07 4.75 8.74 7.62 1.12
) 2 A ]
2 =T 2.3 1.0 47.02 3732 970 4.08 3.02 1.06
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. Al By @4-oluA B edel AAA Bt

Aer) 49 e AAY Wihe ASY AL(IA 29 8§ BB, LPG, BH AEFL
g2 BAstel Bz 243 Mmae AoE SN F 478 ASE 4Y 4% U=
a9 ouA ALgFI HES HIYP Ao AP AN F2 H/E 2RHET iz
SANAE AHE LEF AL FUAT 5 Utk M GO BT A 4P A o
Z 249 Hsty 12¥dl= 375%, 1Holl= 43.0%, 2¥ o= 33.7%, 3€o= 471% HAH= A
o2 WARAG AT AA W AL 408% Yok 190] ¥4 Y FAsk AW AL
el goldel weld tx £de AR A F7tel ©E Aelm 3yl HE AP &
B7h 2 AL BE fA-ClUA Bl Az Bgol A FASE 714 2A0 BE Aew

!
i
)
kS

49 24 oz &4
H| &
9.9 A9% E@  LPG H| & a8 % h H| & A7S
= (kWh)  (kWh)  (kg) (4) (kWh) L) )

2010.12 55989 14243 781 389,649 168.3 649.6 623,231 37.5%

20111 85953  1278.7 89.0 515,596 220.3 943.2 904,059 43.0%

2011.2 39214 1254.7 723 313,104 163.4 491.0 472,398 33.7%

2011.3 29589 13941 80.6 297,513 171.8 585.6 562,574 47.1%

* AEEF : 3649/KWh(BALS- H), AEEHEA) @ 263U/ KWh(FAE-S), LPG : 19009 /kg, 73 : 9504/L
(A1)

AL 9 uA v§ BPE BAe BE Fde a3 1557 2ok U g Ans
Aol whebA 30 ~ 50% FENA tRE BAAHAD 3Bl R 50%2 35
L oulg Ay mR FAH9
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712 FF9 Ae o A" Z23E FIE 5 A} AxFs dE2F 3THAA AT
6.7702 81.1%, 5+ 3.7/MA 1047012 181.1%<] F7]&Q - Aol Aot AA =3}
ABZo] A9 78 ~ 468%] MNAL BRIt

o]¢} zho] wl-Q- Z A& o] FolHE YeolozE JfE B4 84 2Ho| ofd B A
Z4e o3 AL g
A FAEJL, olitstgs, B, 59 A BF FF-duA dy HHAAT 2ES & F

AT

fru
A
5
it
" vl
s
)
ri
o
K3
s
)
r |

E 48, 23 A0 A% AF A3 Q0114 49)
F(g) s (g
TR ow=E
Az =T A A HAEF A3 A HAEF

I 7.8 102 39.83 948 7.2 215
1 7.8 11.0 4073 972 839 247

2] -
m 7.9 10.6 36.94 892 737 217
snpa) R 7.8 10.6 39.17 937 7.66 226
(Smile) I 54 56 3146 745 5.23 2.00
1 55 59 31.55 7.64 6.13 208

S
m 49 53 29.89 712 6.22 2.09
w7 5.2 56 30.97 741 5.86 2.06
I 6.4 10.7 4384 11.05 8.38 284
11 7.1 10.6 48.04 12,15 8.81 3.05

2] -
il 6.6 10.0 4075 10.49 7.82 282
2~ 3 6.7 104 4421 11.23 8.34 2.90
(Kiss) I 40 40 31.02 744 758 273
1 3.7 37 30.62 759 6.89 270

S
il 35 35 28.68 711 6.75 265
w7 3.7 37 30.11 738 7.08 269
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2011d 6¥€9 AS ZAies 23 vl AFAA M 2 9L uA= AxFe E5E
FAoZ BEAFET I AIe I 469 BAIS A 2ok AelHEkY AxSe E4E OE
Toll vl A FolA 2zttt 33.3%<F 31.0% F7FeA A, 712~(Kiss)e] A AlzFe 24 EF
30.0%% F71ge EYTh 499 A8 Ao vlsA 69e I 7} FoE AL EF 3F
Aol 84 F HFpo] w7 EQA A g A B & Yok T3 F37He] 30T o] JLe
of osle] B3 34 Ao azrt AP s Aoz FuEH.
E 49. £3} v S A7 27 (2011 64)
9 TE = Nz x5
I 5.7 55
I 54 5.4
AT
mm 5.6 5.6
Z4a) b g} sy 56 55
(Calibra) I 45 45
I 45 45
o =7
mm 3.7 3.7
3 4.2 42
I 5.2 5.2
I 5.2 5.2
AT
mm 5.2 5.2
7]&_ Eo:]ﬁ 52 52
(Kiss) I 41 41
I 41 41
o =7
mm 3.9 3.9
3 4.0 4.0
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EnS

o
o
A&4E G & 5 AL 3o

20113 84 <]
A3, 7129 A

E 50. #3} Fn S A7 27 (2011d 84)

7 T8 nE RESS 24
I 49 50
I 6.0 6.2
2] -
m 6.0 58
Z1a] B 7} B 5.6 5.7
(Calibra) I 36 32
I 40 28
S
m 29 2.0
7 35 26
I 55 48
I 52 48
2] -
m 58 54
7] 2~ rLo:] iL 55 50
(Kiss) I 43 32
I 41 33
S
m 42 32
7 42 32
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2. ZE A% AL 529

YFE At gs] JHE the E 4894 BE ANY 2 4570 47 717 ~ 750 em,

104 ~ 109 7§ 92, EdlFe A1gT9 2771 5L a8 o] At

AgT CES

=7 Wwe o, =% 4y 4
oy 9% ERE o5 FMe S8 95 dWeE o o
75.0 10.9 40.1 10.3 4 71.7 10.4 38.3 10.3 4

g AR AT 77 w2 ZAFESEH, ols A28 &34 A7 A sk
AT S ZAE 4 ol RolA A HAUTE AT 24 4K AHE T 4994 Be AT
2ol 230 692 em, 457t 9671, B4 3897 93, ML 307% k. wrHE R
2o AE Aue ¥ 50004 BHE AT go] o] 687 cm, G547t 9170, E57F 41.37)
A MEEL 373% Frh 27 A AEH Y vnsges o EUSE 27 oA AT
3870, =T 37712 FAET ol A& A 27| AAE Eirt BF HAAHS
2 AFsAs 73 ez AT £ vk AT Aert TR e AEdA f
2 Z7E B st 59 A= 38 AT Fol o Uga, 1 9o A4S AT
= & #AolE Holx K3

E 52 @ =249 AYT Avits A5 23 (2AE 20120 1..09)
Z A B - - i .
(?n?) A | HER | oG | Fde | X (g 5 iskE | L a b

69.2 9.6 37.59 94 3.8 38.9 10.1 30.7 50.54 9.35 11.74

==} HH 5
ESEICEEEE S I L R I L E A RE SN T T I

68.7 91 36.1 8.0 3.7 41.3 15.6 37.3 49.1 7.9 13.4
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A 24 27 249 X9 F=9 ¥ a4 1619 2o AT txz7e 2
T ookt 2E7F 15 ~ 16TolA 2d H=H dxzT4 B9t ta wdn F3e 227t
2etd A AT 249 A 24 UF oAU E FCUE ol&std FFat3lr] wiEl
FoNEe] o] FolA A Gokd wbHe] T 4o Ae F el 3 Fr|E Foto 2k
g goj=Hn mepd FE2 A¢ AT Ae 50% oS FAY F UM xT4
B 40% FEZHA BolHgol FAHAT. wEt EF FA-HA AAE AT 2H0A

AE AE o HEg S 2AAFEATRT FrHET

w3 AT 249 A4 CO, 0] FAEH 2 TAFFH CO
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A B F 517 Ao} g #3-duA] B 244 AMg-stE duAlsE " 71ek LPGo|
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o] A9 15000 ~ 24,0009 .2 A %H%ﬁ e Ao A9 16,000 ~ 43000 o= Al
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23 #73-olux v e 7y 24

@7 47 PG W& | As A7 o I8EE

kWh)  (ke) () L &Wh ()

2012-03-12 369.1 2.1 15948 94 468.0 21276 25.0%
2012-03-13 251.6 3.8 14939 8.4 468.0 20296 26.4%
2012-03-15 267.1 7.5 22646 7.4 469.1 19344 -17.1%
2012-03-17 254.1 3.2 13851 47 468.0 16777 17.4%
2012-03-18 2231 7.8 21616 214 468.0 32670 33.8%
2012-03-19 255.8 7.8 22808 22.2 468.0 33381 31.7%
2012-03-20 253.3 7.1 21346 26.3 468.0 37319 42 8%
2012-03-21 262.3 7.1 21711 6.4 468.0 18428 -17.8%
2012-03-23 248.7 79 22658 30.3 469.1 41138 44 9%
2012-03-24 270.8 79 23466 17.6 468.0 29024 19.2%
2012-03-25 289.3 79 24064 324 468.0 43131 44 2%
2012-03-26 2879 7.6 23477 22.6 469.1 33816 30.6%

A 3233.0 77.7  248531.8 209.3 5619.1 346600 28.3%

2012\ 293 39 AA wLLS s 2w ® 529 Zrh 2 gA-oldx] #y 249
A7) AFEHEHLS S EFHE, FIEZ /M, Bgo g FHEY Ztzt ALSFE Astelga, B 2
de] 71E AREHS AA AEE ARSI B SAF-ouA ve 247 #2449 2
Aol 279 v& gtod ALEUTE FelA Be AT ol BF SA-A] #He 2

T @l 8T BF LPG AMEFol 7Hd ®ol TAsts Acr Foldn. H§ A
290l 221%, 3¥d 11.7%& AArgEh 3€e] v]8 ¢ a37) Fo=e 49U CO;
913 A3 PGS g 93k Ao g LPG Hlgo] Mg A LaFHE &
T AU e gl A= CO FFel A oA 23 53=
oqF ).
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5. 29 duA AT v Bt

2012\ 2¢ 20123 39
of 1 x| T Apg-2 HLBAY) AR H] -2 2HAH(4)
FEHZ (kWh) 3384 4 123191 | 3736.8 136018
H= /3 (kWh) 568.2 20684 460.4 16758
B33 (kWh) 40254 105868 4024.7 105849
LPG (kg) 190.8 362442 185.6 352557
sk A 612184 611183
71 (L) 451.3 428697 352.8 335116
7] (kWh) 13585.7 357304 13583.3 357241
sk A 786001 692357
Hg A7 22.1% 11.7%
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e 2012\ d 39 14Y &R ver. 3 7R EFAIEIA Y. YALo] E(www.virtualgrower.net)o]]
A oE TS QAL gol, Bol, 2FQlelE A3t 22 a9 s et 39 164

Hame |Giesnhouge 1 - Dremesrutaning 1 and Cnierd afion
MHumber of Spanz |5 -
Wl easls
Rodt | EETEE Sl hE
Widh of Spana |75
©icing M olesials : i
Endwall 1 | Pokelhyians v Flood Shape * | {janpuis «
Endhish 2 | Fitst sz v il | feet
Side H
Sidowall ] | Pobethybons Doukle L | et g fead
Sidewall 2 | Flber Glass v BT ow bickha 1 2 fent
Free sl Malensd
Endipal 1 | Concrebs Block w
Endewall 2 | Concrete Block W
Sidawsll 1 | Concrete Block w | o% J | Canvcel |
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//***********************************************************************//

// Filename : greenhouse.java !/
// Function : Realization of the algorithms for surplus energy treatment in !/
!/ environmental control greenhouse !/
// Heating, Heat recovery, CQ: enrichment, Supplementallight !/
// and Heat pump //
// Author : Seunghwan Yang (Seoul National University) //
// Additional API : MySQL connector for JAVA //
!/ mysql-connector-java-5.0.8-bin.jar !/
// Free download at //
// http://www.mysql.com/downloads/connector/j/ //
// Date : 20106.16 - 2011.3.7 !/

//***********************************************************************//

import java.util.Date;

import java.util.Calendar;

import java.text.SimpleDateFormat,
import java.sgl.DriverManager;
import java.sgl.Connection;
import java.sgl.Statement;

import java.sgl.ResultSet;

import java.io.File;

import java.io.FileOutputStream;
import java.io.FileInputStream;
import java.io.InputStreamReader;
import java.io.BufferedReader;
import java.io.RandomAccessFile;
import java.lang. Thread;

import java.util.Properties;

class opThread extends Thread {
public void run() {

String host = "127.0.0.17;

String port = "3306";

String dbid = "ebio”;

String dbpw = "rltnfdnys123”;

String logpath = "D:/Greenhouse/bin/”;

String db = "greenhouse”;

String connectionScript = "jdbc:mysql://” + host + "
+ port + /" + db + "?”
+ "user=" + dbid + "&password="
+ dbpw;

int sleepSec = 60 * 1000;

int iRsCnt = 0;

String rec_date =
float temp_inl = 0;
float temp_in2 = 0;
float temp_out = 0;

1.
’
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float co2 = 0;

float humid = 0;
float solar = 0;

float w_spd = 0;
float w_dir = 0;
float temp?2 = 0;
float co2_2 = 0;
float humid2 = 0;
float light = 0;
String maxdate = "";

float temp_LPG = 0;
float temp_tankh = O;
float temp_tankl = O,
float temp_cool 1 = 0;
float temp_ghl = 0;

int season = 0;

float grdw_temp_st = 0;
float grdw_temp_gap = 0;
float hp_recharge_temp = 0;
float hp_recharge_gap = 0;
float mr_heating_temp = 0;
float mr_heating_gap = 0;
float Ipg_heating_temp = 0;
float Ipg_heating gap = 0;
String keep_co2 = "N”;
String logMsg = "";

String log_result_file = "

1.

String log_error_file = "

String olddataset = "”;
String newdataset = "";

boolean bCOZ2_waiting = false;
boolean bHP_10deg = false;

int ctrErrCnt = 0;
while(true) {

try {
Calendar now_cal = Calendar.getInstance();

SimpleDateFormat sdf = new SimpleDateFormat("yyyy-MM-dd HH:mm:ss");
SimpleDateFormat sdf_hhmm = new SimpleDateFormat("HH:mm");
SimpleDateFormat log_sdf = new SimpleDateFormat("yyyy-MM");
log_result_file = logpath + "log_result” + log_sdfformat(new Date()) + ".txt”;
log_error_file = logpath + "log_error” + log_sdf.format(new Date()) + ".txt";

1.
’

String query =
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Class.forName("com.mysql.jdbc.Driver”);

Connection conn = DriverManager.getConnection(connectionScript);
Statement stmt = conn.createStatement();
ResultSet rs = null;

//************************************************************//
// Strat of Energy equipment control !/
//************************************************************//
System.out.println(””);
System.out.println(”+** Energy equipment auto control #:*");

// Read values from setpoint table.
String mode = "";

// Default values are OFF conditions.
String cooling_temp_st = "50";
String cooling_temp_gap = "1
String cooling_temp_ed = "99";

String heating_temp_st = "2";
String heating_temp_gap = "1”;
String heating_sub_st = "17;
String heating_sub_gap = "1”;
float sub_heater_st = 1;

String co2_conc = "100";
String co2_gap = "10";
boolean coZ_working = false;

String light_control = "0”;
String light_limit = "0";

String hp_low_temp = "35";
String hp_low_gap = "3";
String hp_high_temp = "10";
String hp_high_gap = "3";
String hp_rad_temp = "1
String hp_rad_gap = "3";

String NowHHMM = sdf_hhmm.format( new java.util. Date() );

//************************************************************//
// Read setpoints from database //
//************************************************************//
guery = ” SELECT * FROM setpoint ”
+ " WHERE num = 1"
+ 7 AND " + NowHHMM + " BETWEEN CONCAT(hh_st, '/, mm_st)
AND CONCAT(hh_ed, "', mm_ed) ”;
rs = stmt.executeQuery(query);

while (rs.next()) {
mode = rs.getString("mode”);
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if (mode.equals("COOL")) {
cooling_temp_st = rs.getString("valuel”);
cooling_temp_gap = rs.getString("value2”);
cooling_temp_ed = rs.getString("value3”);

} else if (mode.equals("HEAT")) {
heating_temp_st = rs.getString ("valuel”);
heating_temp_gap = rs.getString ("value2”);
// heating_sub_st = rs.getString("value3”);
sub_heater_st = rs.getFloat(”value3");
heating_sub_gap = rs.getString ("valued”);

} else if (mode.equals("CO2")) {
co2_conc = rs.getString("valuel”);
co2_gap = rs.getString("value2”);

} else if (mode.equals("LIGHT")) {
light_limit = rs.getString("valuel”);
light_control = "17;

} else if (mode.equals("HP")) {
hp_low_temp = rs.getString("valuel”);
hp_low_gap = rs.getString("value2”);
hp_high_temp = rs.getString("value3”);
hp_high_gap = rs.getString("valued”);
hp_rad_temp = rs.getString("valued”);

hp_rad_gap = rs.getString("value6”);

//************************************************************//

!/ Read status from control table !/

//************************************************************//

guery = " SELECT cooling_status, heating_status, co?_status, light_status, hp_status

+ " FROM control ”
+ " WHERE num = 17
rs = stmt.executeQuery(query);

int cooling_status = 0;
int heating_status = 0;
int coZ_status = 0;

int light_status = 0;
int hp_status = 0,

if (rs.next()) {

cooling_status = rs.getInt("cooling_status”);

heating_status = rs.getInt("heating_status”);

co2_status = rs.getInt("co2_status”);

light_status = rs.getInt("light_status”);

hp_status = rs.getInt("hp_status”);

logMsg = "Status(0-OFF, 1-ON, 2-AUTO) : cooling(” + cooling_status + )
heating(” + heating_status + ") "

+ "co2(” + co2_status + ") light(" + light_status + ") hp(” +

hp_status + )"

System.out.println(logMsg);
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//**************************************************************//

!/ Read environment and system data from systemdata table //
//**************************************************************//

guery = " SELECT * FROM systemdata ”
" ORDER BY rec_date desc ”

" LIMIT O, 17

rs = stmt.executeQuery(query);

+ o+

temp_LPG = 0
temp_tankh = 0;
temp_tankl = 0;
temp_cool_i = 0;
temp_ghl = 0;

if (rs.next()) {
temp_LPG = rs.getFloat("temp_tankl2");
temp_tankh = rs.getFloat("temp_tankh”);
temp_tankl = rs.getFloat("temp_tankl1”);
temp_cool_i = rs.getFloat("temp_cool_i");

temp_ghl = rs.getFloat("temp_ghl”);

query = " SELECT * FROM sub_control ”
+ " WHERE num = 17,

rs = stmt.executeQuery(query);

if (rs.next()) {
season = rs.getInt("season”);
hp_recharge_temp = rs.getFloat("hp_recharge_temp”);
hp_recharge_gap = rs.getFloat("hp_recharge gap”);
mr_heating temp = rs.getFloat("mr_heating_temp”);
mr_heating gap = rs.getFloat("mr_heating_gap”);
Ipg_heating_temp = rs.getFloat("lpg_heating_temp”);
Ipg_heating_gap = rs.getFloat("lpg_heating_gap”);
keep_co2 = rs.getString("keep_co2");

)
//************************************************************//
!/ CO2 control for avoiding LPG-liquifaction !/
!/ -. Case 1:Control by lpg_heating_temp !/
!/ -. Case 2:Set by 10'C (now) //

//************************************************************//
float coZ_stop_temp = 10;
float co2_restart_temp = 11,
if (temp_LPG <= co2_stop_temp) { bCO2_waiting = true; }
if (temp_LPG >= co2_restart_temp) { hCO2_waiting = false; }

if (bCO2_waiting) {
coZ_status = 0;
logMsg = sdfformat(new Date()) + ” >> CO2 is stopped. (" + temp_LPG + ”
<" + co2_restart_temp + )",
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} else {
logMsg = sdf.format(new Date()) + ” >> CO2 is normal. (" + temp_LPG + " >
+ co2_stop_temp + ")";
}
System.out.println("# 7 + logMsg);
fileWrite(log_result_file, logMsg);

1"

//************************************************************//
// Thermal Storage Tank Check : Full or not //
//************************************************************//
boolean isWinter = false;
if (season == 3) { isWinter = true; }

boolean isHeatFull = false;

float f hp_low_temp = Float.parseFloat(hp_low_temp) + 0.2f;
float £ hp_high temp = Float.parseFloat(hp_high_temp) -
Float.parseFloat(hp_high_gap) — 0.2f;

if (temp_tankl > f hp low_temp) { // Low temp. tank condtion.
if (temp_tankh > f_hp_high_temp) { // High temp. tank condtion.
isHeatFull = true;

)

//************************************************************//
// Decision of whether operating the device or not //
//************************************************************//
switch (cooling_status) {
case 0 ©  // OFF
cooling_temp_st = "50";
cooling_temp_gap = "1
cooling_temp_ed = "99";
break;
case 1 : // ON
cooling_temp_st = "2,
cooling_temp_gap = "1
cooling_temp_ed = "99";
break;
case 2 : // AUTO
// The values decided above
}

switch (heating_status) {

case 0 ©  // OFF
heating_temp_st = "2";
heating_temp_gap = "1”;
heating_sub_st = "1”;
heating_sub_gap = "10";
break;

case 1 ' // ON (Sub-heater is off although status is ON)
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heating_temp_st = "99";
heating_temp_gap = "10";
heating_sub_st = "1”;
heating_sub_gap = "10";
break;

case 2 : // AUTO
// The values decided above

// Exception on Sub-heater
if (temp_tankh < sub_heater_st) {
if (bLightOFF) {
heating_sub_st = "40"; // Based on greenhouse temp. inside
logMsg = sdf.format(new Date()) + " >> Ground Water ON (" +
temp_tankh + ” < ” + sub_heater_st + ")";
) else {
logMsg = sdf.format(new Date()) + " >> Ground Water OFF by
Light ON”;
}
System.out.println("# 7 + logMsg);
fileWrite(log_result_file, logMsg);

)

switch (co2_status) {
case 0 ©  // OFF
co2_conc = "100";
coZ2_gap = "10";
break;
case 1 : // ON
co2_cone = "9999";
coZ_gap = "100";
break;
case 2 : // AUTO
// The values decided above
}

switch (light_status) {
case 0 ©  // OFF
light_control = "0";
break;
case 1 :  // ON
light_control = "17;
break;
case 2 : // AUTO
// The values decided above
}

switch (hp_status) {
case 0 ©  // OFF
hp_low_temp = "35";
hp_low_gap = "3";
hp_high_temp = "10";
hp_high_gap = "3";
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hp_rad_temp = "99",
hp_rad_gap = "10";
break;

case 1 :  // ON
hp_low_temp = "5,
hp_low_gap = "2";
hp_high_temp = "60";
hp_high_gap = "2";
hp_rad_temp = "10";
hp_rad_gap = "3";
break;

case 2 : // AUTO

//****************************************************//

// Heat re-charge automation //
// : IF (high thank temp < 30 'C) !/
// and (low tank temp > 10 'C), !/
// Then heatpump ON up to 10'C. //

//****************************************************//

if (temp_tankh >= (hp_recharge_temp+hp_recharge gap)) { bHP_10deg =
false; }

if (temp_tankh <= hp_recharge temp && temp_tankl > 10) { bHP_10deg
= true;  }

if (bHP_10deg) {
hp_low_temp = "10";
logMsg = sdfformat(new Date()) + ” >> Heatpump ON by low temp.
(" + temp_tankh + ” < " + (hp_recharge_temp+hp_recharge_gap) + )",
) else {
logMsg = sdf.format(new Date()) + ” >> Heatpump is normal. (H:" +
temp_tankh + 7, L:” + temp_tankl + ")";
}

System.out.println("# 7 + logMsg);
fileWrite(log_result_file, logMsg);

// Other values decided above
break;

//************************************************************//

// Insert commands for device operations & logging //
//************************************************************//

"o

newdataset = "CL" + cooling_temp_st + ",” + cooling_temp_gap + ", +

cooling_temp_ed
+ " HT: + heating_temp_st + ", + heating_temp_gap + ",”
+ " + heating_sub_gap
+ 7 CO2" + coZ_conc + ") + coZ2_gap
+ " LT + light_control
+ " HP + hp_low_temp + ”,” + hp_low_gap +
+ hp_rad_temp + ”,” + hp_rad_gap;

+ heating_sub_st

//’// + hp_high_temp + //’// +
"o
)

hp_high_gap +

iRsCnt = 0;
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if (Inewdataset.equals(olddataset)) {
qguery = " UPDATE control ”

" SET cooling_temp_st =
cooling_temp_gap =
cooling_temp_ed =
heating_temp_st =
heating_temp_gap =
heating_sub_temp =
heating_sub_gap =

1" 1" 1"

+ cooling_temp_st + ”,

1" 1"

+ cooling_temp_gap + ",

1" 1"

+ cooling_temp_ed + ”,

1" 1"

+ heating_temp_st + ",
+ heating_temp_gap + ", ”

1"

1"
1"
1"
1"
1" 1"

+ heating_sub_st + 7,

1" 1"

+ heating_sub_gap + ”,

4 coZ_conc =" + coZ_conc + ", "
coZ2_gap =" + coZ_gap + ", "

4 light_control =" + light_control + 7, "

4 hp_low_temp =" + hp_low_temp + ", "

4 hp_low_gap =" + hp_low_gap + ", "

4 hp_high_temp =" + hp_high_temp + 7, ”

4 hp_high_gap =" + hp_high_gap + ", "

4 hp_rad_temp =" + hp_rad_temp + ", "

4 hp_rad_gap = " + hp_rad_gap

+ 4+ + + + + o+ o+ o+ o+ o+ + o+ o+

" WHERE num =17

iRsCnt += stmt.executeUpdate(query);

query =

+ +

cooling_temp_ed, ”
+ "
heating_sub_temp, heating_sub_gap, "
+ "
+ "
+ "

hp_high_gap, hp_rad_temp, hp_rad_gap)

" INSERT INTO control "

(num, rec_date, ”

cooling_status, cooling_temp_st, cooling_temp_gap,

heating_status, heating_temp_st, heating_temp_gap,

coZ_status, coZ_conc, coZ_gap, ”
light_status, light_control, ”

hp_status, hp_low_temp, hp_low_gap, hp_high_temp,

1"

+ " VALUES(0, now(), ”

+ "
T " "
cooling_temp_gap + ", " +

+//

1" 1"

heating_temp_gap + ", " +
o
o
o
"

+ hp_high_temp + ", " +

cooling_temp_ed +

heating_sub_st + 7,

hp_high_gap +

" + cooling_status + ", ” + cooling_temp_st +

1" 1"
)

1" 1" 1"

+ heating_status + 7,

1" 1" 1" 1"

+ heating_sub_gap + ”,

1" 1" 1" 1" 1"
)

+ coZ_status + + co2_conc + ",
" + light_status + ”, ” + light_control + 7, ”
" + hp_status +
" " + hp_rad_temp +

1" 1"

+ hp_low_temp + ”,

1" 1"
)

1" 1"
)

iRsCnt += stmt.executeUpdate(query);

logMsg = sdf.format(new Date()) + " >> " + newdataset;
System.out.println("# ” + logMsg);
fileWrite(log_result_file, logMsg);

olddataset = newdataset;

System.out.println(””);
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stmt_r.close();
conn_r.close();
stmt.close();
conn.close();

} catch (Exception e) {
System.out.println(e.toString());
fileWrite(log_error_file, e.toString());

)

try {
Thread.sleep(sleepSec);

} catch (Exception e) {
System.out.println(e.toString());
fileWrite(log_error_file, e.toString());

//************************************************************//

!/ Sub function for logging into file !/
//************************************************************//

public static void fileWrite(String logfile, String str){
File file = new File(logfile);

FileOutputStream writer,
RandomAccessFile raf = null;

try{

1.
’

String strLine =

1"

raf = new java.io.RandomAccessFile(file, "rw");

raf.seek(raf.length());
writer = new java.io.FileOutputStream(raf.getFD());
strLine = new String( str +"\r\n" );
writer.write(strLine.getBytes());
raf.close();

teatch( Exception e ){
e.printStackTrace();

}

)

//************************************************************//

// Sub function for convering String to Integer //
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public static int isSNUM(String str) {

try {
if (str == null || strequals("”)) {
return 0,
) else {
return Integer.parselnt(str);
}

} catch (Exception e) {
// eprintStackTrace();
return 0;

}
class greenhouse {
public static void main(String[] args) {
opThread opt = new opThread();

opt.start();
System.out.println("Greenhouse demon stared.”);
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